ABSTRACT Objectives: Our objective was to determine the practice patterns of Canadian emergency physicians with respect to the management of traumatic corneal abrasions. Methods: After developing our instrument and pilot testing it on a sample of emergency residents, we randomly surveyed 470 members of the Canadian Association of Emergency Physicians, using a modified Dillman technique. We distributed a pre-notification letter, an 18-item survey, and appropriate follow-up surveys to non-responders. Those members with an email address (n = 400) received a Web-based survey, and those without (n = 70) received a survey by post. The survey focused on the indications and utilization of analgesics (oral and topical), cycloplegics, eye patches and topical antibiotics. Results: Our response rate was 64% (301/470), and the median age of respondents was 38 years. Most (77.7%) were male, 71.8% were full-time emergency physicians, 76.5% were emergency medicine certified, and 64.4% practised in teaching hospitals. Pain management preferences (offered usually or always) included oral analgesics (82.1%), cycloplegics (65.1%) and topical nonsteroidal anti-inflammatory drugs (NSAIDs) (52.8%). Only 21.6% of respondents performed patching, and most (71.2%) prescribed topical antibiotics, particularly for contact lens wearers and patients with ocular foreign bodies. Two-thirds of the respondents provided tetanus toxoid if a foreign body was present, and 46.2% did so even if a foreign body was not present. Most respondents (88.0%) routinely arranged follow-up. Conclusions: This national survey of emergency physicians demonstrates a lack of consensus on the management of traumatic corneal abrasions. Further study is indicated to determine the optimal treatment, particularly regarding the use of topical NSAIDs. 
Introduction
Traumatic corneal abrasions are common in Canadian emergency departments (EDs), with an estimated 20 000 cases per year in the province of Quebec alone. 1 Possible treatment modalities include analgesics (oral and topical), cycloplegics, topical non-steroidal anti-inflammatory drugs (NSAIDs), eye patches and topical antibiotics, although there is a paucity of evidence supporting any of these modalities. Several randomized trials show promising results for the use of topical NSAIDs, [2] [3] [4] [5] [6] [7] [8] but cost is a concern. Eight randomized trials 1, [9] [10] [11] [12] [13] [14] [15] and one meta-analysis 16 conclude that patching is not routinely indicated. There are no studies showing that topical antibiotics are of value, and 1 clinical trial demonstrated that topical antibiotics are of no benefit in low-risk corneal abrasions. 17 The only randomized controlled trial examining the use of cycloplegics suggested they do not improve pain scores or reduce oral analgesic requirements. 18 Yet, despite a lack of evidence, topical antibiotics and cycloplegics remain recommended treatments in emergency medicine textbooks. 19, 20 British investigators have documented substantial variability in corneal abrasion management among ophthalmology clinics. 21 It is not known whether similar variability exists in Canadian EDs. Our objective was to characterize the corneal abrasion management practices of Canadian emergency physicians. Our hypothesis was that we would find a significant lack of consensus and establish the need for future randomized controlled trials defining optimal therapy.
Methods

Survey development
We designed a national survey using a modified Dillman technique. 22 The 18 survey questions -11 multiple choice and 7 "fill in the blank" with numerical responses -were based upon previous research [21] [22] [23] [24] and focused on 4 main therapeutic modalities: analgesics (oral and topical), cycloplegics, eye patches and topical antibiotics. Topical anesthetics were not addressed because these are not prescribed for outpatient use. The survey also assessed slit-lamp use, tetanus immunization and follow-up arrangements. We elicited demographic information, characteristics of practice setting and training background. The full questionnaire is available from the corresponding author (L.C.).
Pilot testing
A pilot survey was mailed electronically to all emergency medicine residents at the University of Ottawa and the University of British Columbia. Each resident received an additional questionnaire concerning the clarity, content and overall formatting of the survey. There was a 95% response rate to the pilot survey. All respondents found the questions to be clear, and none suggested areas of missing content.
Study subjects
We randomly selected 400 members of the Canadian Association of Emergency Physicians (CAEP) using a computer-generated random number scheme. Of these, 72 (18%) did not have email addresses; these members were then re-entered into the pool. To avoid selection bias, we sent questionnaires to a random sample of 70 members by post. Our overall sample of 470 subjects represented 35% of CAEP's total membership (1388) Conclusions : Ce sondage à l'échelle nationale auprès des médecins d'urgence démontre l'absence de consensus quant à la prise en charge des abrasions cornéennes. Des études plus poussées s'imposent afin de déterminer le traitement optimal, surtout en ce qui concerne le recours aux AINS topiques.
Web-based survey
The survey was converted into HTML (hypertext markup language) format by a Web-page designer. The Web format was pre-tested by the investigators and the Ottawa Health Research Institute (OHRI) Web site staff. Four hundred emergency physicians were emailed a cover letter containing a link to the survey, which was on the OHRI Web site. The email included a password in order to protect the respondent's identity.
Non-respondents received a reminder email after 4 weeks. Non-respondents were then re-emailed a third time 6 weeks after launch and again 4 weeks later. Those who had technical difficulties with the Web survey were sent postal questionnaires. Potential respondents who had invalid email addresses were replaced by additional subjects randomly selected from the CAEP membership database.
Postal questionnaire
Those who were sent a postal questionnaire received an introductory letter and self-addressed stamped envelope with each survey. We did not provide French language surveys and asked respondents to return an empty envelope if they did not complete the questionnaire for this reason. Each survey was assigned a random identification number in order to protect the respondent's identity. Reminder cards were mailed 4 weeks after the first mailing, and a second survey was sent to non-responders 2 weeks after the reminder card. Potential respondents with invalid addresses were replaced by additional subjects randomly selected from the CAEP membership.
Data analysis
Data were entered into a Microsoft Access database, and descriptive statistics, including means, medians, proportions and 95% confidence intervals (CIs), were calculated using SAS (version 8, Cary, NC). Figure 1 shows that we had 301 survey respondents, for a response rate of 64.0%, which is comparable to the 61% average response rate reported in the literature for physician surveys. 25 No envelopes were returned because of language issues, but 46 email addresses were invalid and 29 respondents had irresolvable problems using the Web survey. These respondents received postal questionnaires.
Results
Demographic data are summarized in Table 1 . Of 301 respondents, 292 (97.0%) have slit lamps in their ED and 93.8% use the slit lamp. Figure 2 shows that 247 subjects (82.1%) usually or always prescribe oral analgesics, 196 (65.1%) prescribe cycloplegics and 159 (52.8%) prescribe topical NSAIDs. Of those who never prescribe NSAIDs, 11.3% are unconvinced of their efficacy and 9.6% consider them too expensive.
Overall, 71.2% of respondents (95% CI, 66%-76%) prescribe oral antibiotics. Table 2 shows that oral antibiotics are most likely prescribed for contact lens wearers, patients with corneal foreign bodies, and fingernail-induced injuries. 46.2% of respondents routinely update tetanus immunization even if there is no foreign body present, and 64.8% do so only when there is a foreign body. Even fewer respondents (21.6%; 95% CI, 17%-26%) use eye patches. In this group, reported indications for patching included largesized abrasions (38.2%), photophobia (30.9%) and severe pain (29.9%). The mean recommended duration of patching is 20.7 hours.
A majority of physicians (88.0%) arrange routine followup. This most often involves advice to return to the ED for re-check (69.4% of respondents), but 45.2% refer the patient to an ophthalmologist and 35.2% refer to the family physician. Two-thirds of respondents reported that ophthalmologists are "usually" or "always" available for follow-up.
Discussion
This is the first published survey assessing emergency physician management of traumatic corneal abrasions. It demonstrates substantial variability and a lack of consensus with respect to the ED treatment of these injuries. Our data suggest that oral analgesics are the therapeutic modality most often used, followed by topical antibiotics and cycloplegics. We found that emergency physicians rarely perform patching, but use a variety of management strategies despite 21 In this study, Sabri and colleagues 21 reported that topical antibiotics and cycloplegics were the most commonly prescribed treatments (despite a lack of supporting evidence) and that a minority of respondents performed patching. Our results are consistent with these findings, as Sabri and colleagues did not ask about oral analgesics or topical NSAIDs.
Therapeutic agents
Cycloplegics paralyze the ciliary muscle to prevent painful pupillary spasm in patients with traumatic corneal abrasions. In our study, 65.1% of respondents expressed the opinion that these agents are effective. While their use may seem physiologically intuitive, it has not been well studied. We found only 1 randomized controlled trial 18 looking at the use of cycloplegics for traumatic corneal abrasions. This study of lubrication, cycloplegics and topical flurbiprofen concluded that topical homatropine did not improve visual analog pain scores during the first 24 hours, but that topical NSAID therapy did. The study was limited by a 50% loss to follow-up but it suggests a limited role for cycloplegics.
Topical NSAIDs have emerged as an alternative anal- gesic for traumatic corneal abrasions. Six of 7 randomized controlled trials [3] [4] [5] [6] [7] [8] 18 reported significant reductions in pain scores with NSAID use. The 7th found no significant difference in pain relative to placebo, but did document lower oral opioid requirements in the NSAID group. 7 Four trials 3,4,6,7 measured abrasion healing times and found no significant differences with NSAID use. Although there is ample evidence to support the analgesic effectiveness of this modality, we found a lack of consensus on its use among our survey respondents.
Eight randomized controlled trials have shown that patching is not effective for corneal abrasions. 1, [9] [10] [11] [12] [13] [14] [15] The majority of these studies reported no difference in levels of discomfort, and most also found that patches were associated with slower healing. A meta-analysis of 7 randomized controlled trials 16 supported these conclusions. Only 21.6% of our respondents perform patching, indicating that the evidence has likely impacted upon physicians' practice.
Ophthalmologists sometimes recommend bandage contact lens for comfort following surgical procedures. This modality has not been picked up by the emergency medicine community, and only 9 of our respondents (3.0%) reported using bandage contact lenses, perhaps because of the need for close ophthalmology follow-up.
There are few studies in the literature examining the use of prophylactic topical antibiotics in traumatic corneal abrasions. Kruger and associates 26 conducted a randomized controlled trial comparing antibiotic to placebo in 94 patients with corneal foreign bodies; it showed no difference in pain or healing time. Unfortunately, this small study did not examine infection as an outcome. In a Canadian prospective cohort study, King and Brison 17 followed 270 patients with traumatic corneal abrasions, 64% of these cases were complicated by foreign bodies. None received topical antibiotics, and the documented infection rate, with 90% follow-up, was 0.7%. They concluded that prophylactic topical antibiotics are not indicated for traumatic corneal abrasions. The exception to this conclusion would be contact lens wearers who are more prone to Pseudomonas infected corneal ulcers. 27 Given the documented rarity of infection, it was surprising that most of our survey respondents prescribed topical antibiotics routinely for corneal abrasions.
Case reports of tetanus infection following penetrating eye injury suggest that tetanus immunization may be of value in such cases. [28] [29] [30] Using a mouse model, Benson and colleagues 31 found that Clostridium tetani could not colonize the eye unless the cornea was perforated, and attributed this to the avascular nature of the cornea. British practice guidelines 32 and other authors 33 have since recommended using tetanus prophylaxis only for penetrating eye trauma and not for simple corneal abrasions. Among our respondents, 46.2% routinely update tetanus immunization even if there is no foreign body present, and 64.8% do so only when there is a foreign body. This lack of consensus suggests uncertainty about the risk of tetanus infection after corneal injury.
Study limitations
In survey research, self-selection bias is always a concern and survey respondents may be different from non-respondents. Because CAEP does not collect demographic data, we cannot determine whether our sample is representative of all emergency physicians. In particular, our data may not reflect physicians who work in rural EDs. In addition, it is likely there is some element of social desirability bias, whereby respondents answer according to what they believe the right answer is rather than their actual practice. We hope that survey anonymity minimized this effect. There were technical difficulties with our Web survey on the first 2 days, which resulted in 80 lost responses. Fortunately, 65% of these respondents re-entered their responses. Five of 9 studies comparing email to postal surveys found no difference or improved response rates with email surveys. 34 These authors also suggested that lack of familiarity with technology can adversely affect response rate, and we did note variability in the respondents' technical capabilities across the country. The strengths of our survey lie in its large sample size, the Web-based format, which allows for a shorter response time while preserving anonymity, and the fact that we assessed content validity in a pilot phase.
Conclusions
There is a lack of consensus among Canadian emergency physicians regarding the management of traumatic corneal abrasions. Antibiotics and cycloplegics are widely used despite a lack of supporting evidence, and topical NSAIDs and tetanus immunization are variably used. This lack of consensus reflects the paucity of high quality evidence and suggests the need for further study to determine optimal ED management, particularly with respect to the use of NSAIDs.
